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INTRODUCTION
C a l i x a r e n e s a r e m a c r o c y c l i c phenol-formaldehyde condensation o l i g o m e r s ( r e f . 1). T h e i r name, i n t r o d u c e d by Gutsche i n 1978, o r i g i n a t e s from t h e r e c o g n i t i o n , i n m o l e c u l a r models, o f t h e c h a l i c e -l i k e appearance o f t h e t e t r a m e r i c s m a l l e s t members o f t h e s e r i e s ( F i g . 1).
F i g . 1. P a r e n t C a l i x a r e n e s . 
The c o n t i n o u s search f o r new s y n t h e t i c m o l e c u l a r r e c e p t o r s capable o f h o s t -g u e s t r e l a t i o n -
s h i p s w i t h i o n s and n e u t r a l molecules has l e a d t o many n o v e l s t r u c t u r e s d u r i n g t h e p a s t decades : a f t e r t h e emergence o f v a l i n o m y c i n and monensin from n a t u r a l sources came a succession o f s y n t h e t i c ionophores : cryptands, crown-ethers, podands, spherands and hemispherands, a l l possessing t o v a r y i n g degrees t h e a b i l i t y t o sequester and t r a n s p o r t a l k a l i m e t a l c a t i o n s . As w i l l be shown, f u n c t i o n a l i z e d c a l i x a r e n e s may p r o v e t o be another m i l e s t o n e i n r e c e p t o r c h e m i s t r y .
A l t h o u g h t h e p a r e n t c a l i x a r e n e s a r e r e c e p t o r s f o r s m a l l n e u t r a l molecules, t h e y d i s p l a y l i t t l e or no i o n o p h o r i c a c t i v i t y towards a l k a l i m e t a l c a t i o n s when t h e aqueous source phase i s n e u t r a l . However I z a t t and coworkers found t h a t i f t h e source phase i s b a s i c enough t o a l l o w d e p r o t o n a t i o n o f t h e p h e n o l i c groups, t h e a l k a l i m e t a l c a t i o n s can be t r a n s p o r t e d as , 9 ), but no stability constant of the complexes has ever been determined.
McKervey's preliminary extraction and transport experiments with alkali cations have brought evidence that these new functionalized calixarenes display very efficient and selective phase transfer and ionophoric properties, which may be related to the structures of the receptors (ref. 4 -6 ) .
Our goal in the present study has been to situate these new receptors with respect to the widely studied crowns and cryptands, by measuring the stability constants of their complexes with the alkali cations and with "softer" monovalent cations such as Ag+ and Tl+, and to correlate the complexation thermodynamic parameters to the structural, phase transfer and transport properties of the calixarenes.
The compounds studied, represented in Fig. 2 
Functionalized calixarenes studied in this work

METHOD AND RESULTS
The stability constants in water of the compounds shown in Fig. 2 could not be determined because of their still too low solubility in this solvent. However, tetramers 1, 2 and 2 are soluble enough in the similar protic solvent MeOH which, moreover, is a reference solvent for further discussion of the ionophoric properties. The hexamer 1. as well as the tetramers 1, 2 and 5 are soluble in acetonitrile AN, a solvent in which it has been possible to compare the binding abilities of the tetramers and hexamer . Both solvents were considered as totally dissociating.
The stepwise addition of an alkali cation, silver or thallium, to a calixarene solution leads to a substantial change of absorbance in the range 250-300 nm, sometimes accompanied by a small hypsochromic shift of the shortest wavelength band, leading to an isobestic point which indicates the presence of at'least two absorbing species (Fig. 3 ) . Therefore, the stability constants of the complexes were determined by UV absorption spectrophotometry, coupled to a multiwavelength treatment of the data which provides the stability constants of the complexes as well as their calculated individual electronic spectra (ref. A l l e x p e r i m e n t a l d a t a were c o n s i s t e n t with t h e assumption o f t h e f o r m a t i o n o f 1:1 complexes, i n agreement w i t h t h e p r e v i o u s X r a y ( r e f . 1 2 ) and NMR ( r e f . 9 ) s t u d i e s o f s i m i l a r c a l i x a r e n e s .
The sequence o f d e c r e a s i n g i n t e n s i t i e s o f t h e e l e c t r o n i c s p e c t r a o f t h e complexes v a r i e s w i t h t h e l i g a n d and with t h e s o l v e n t .
The r e s u l t s a r e summarized i n Table 1 
, t o g e t h e r w i t h some a d d i t i o n a l d a t a c o n c e r n i n g t h e
c o m p l e x a t i o n by dibenzo-18-crown-6 (DB18C6) and by c r y p t a n d s 221 and 2 2 2 , r e s p e c t i v e l y t h e b e s t adapted t o Na+ and K+ complexation.
TABLE 1. L o g a r i t h m s o f t h e s t a b i l i t y c o n s t a n t s B o f t h e m e t a l l i c complexes o f f u n c t i o n a l i z e d c a l i x a r e n e s a)and some o t h e r s y n t h e t i c ionophores. T = 25OC. I o n i c s t r e n g t h lO-'M (Et4NC1 i n MeOH and Et4NC104 i n AN). a ) A r i t h r n e t i c mean
o f a t l e a s t two experiments. Standard d e v i a t i o n on t h e mean : anWl = 0.2 l o g u n i t s ; b ) r e f . 13; " r e f . 14; d ) r e f . 15; e ) r e f . 16. 
DISCUSS I0 N
The apparent f o r m a t i o n c o n s t a n t s 8 ( c o n c e n t r a t i o n r a t i o s ) o f t h e 1:l complexes o f t h e c a l ixarenes w i t h a l k a l i c a t i o n s range between r o u g h l y 2 and 6 l o g u n i t s , w i t h a c l e a r maximum, within t h e a l k a l i s e r i e s , f o r Na+ w i t h t h e t e t r a m e r s 1 and 2 i n MeOH and f o r K+ w i t h t h e hexamer 5. I n AN, t h e t e t r a m e r a l s o complexes Na+ b e t t e r t h a n t h e l a r g e r a l k a l i c a t i o n s : t h e case o f L i + w i l l be discussed f u r t h e r . The t e t r a m e r 3 complexes K+ s l i g h t l y b e t t e r t h a n Na+. The B v a l u e s a r e o f t h e same o r d e r o f magnitude as w i t h DB18C6, b u t g e n e r a l l y l o w e r t h a n with c r y p t a n d s . For i n s t a n c e , i n MeOH,B(Na-l+) and B(Na-?+) a r e r e s p e c t i v e l y 3 end 5 l o g u n i t s l o w e r t h a n B(Na221+) and B(K222+).
The Na+/K+ c o m p l e x a t i o n s e l e c t i v i t i e s i n MeOH, c a l c u l a t e d as t h e r a t i o s B(Na+)/B(K+), a r e
h i g h e r f o r 1 and 2. ( r e s p e c t i v e l y 6300 and 300) t h a n f o r t h e c r y p t a n d 221, known as t h e ( Z ) -c r y p t a n d b e s t adapted f o r Na+ c o m p l e x a t i o n (1.2 a c c o r d i n g t o t h e d a t a o f Table 1 ). The e x t e n t o f t h e s e l e c t i v i t y , however, i s s o l v e n t dependent as f o r c r y p t a n d s ( r e f . 1 3 ) : i n AN, 221 i s more s e l e c t i v e (~6 3 ) t h a n 1 (ZO), 2 ( 1 6 ) and 5 (10) . The K+/Na+ c o m p l e x a t i o n s e l e ct i v i t y o f 5 i n AN, c a l c u l a t e d as t h e r a t i o B(K+)/B(Na+), amounts t o 40, and i s s u p e r i o r t o t h e v a l u e 2.5 which may be c a l c u l a t e d f o r t h e c r y p t a n d 222 from t h e means o f a l l l i t e r a t u r e d a t a ( r e s p e c t i v e l y 10.4 and 10.8 f o r B(Na+) and B(K+)).
I n MeOH, T l + forms weaker complexes t h a n any a l k a l i c a t i o n , whereas Ag+ i s as s t r o n g l y comp l e x e d as Na+ by 2 b u t n o t by 1.
Stability and structure
The
i and t h e t -b u t y l groups. I n t h i s c o n f o r m a t i o n , t h e y may a c t c o o p e r a t i v e l y i n t h e b i n d i n g o f m e t a l i o n s , and f a v o u r a h i g h degree o f complexation. The h i g h s e l e c t i v i t y f o r Na+ can be accounted f o r by t h e h y d r o p h i l i c c a v i t y dimensions, d e f i n e d by t h e c y c l i c a r r a y o f t h e
four p h e n o l i c oxygen at,oms, m u t u a l l y s e p a r a t e d by 3.10-3.28 A i n 1 and by 3.03-3.26 A i n 2. 
I n c o n t r a s t w i t h p r e v i o u s compounds, t h e hexameric a c e t a t e 2 does n o t have t h e cone c o n f o rmation. It i s c e n t r o s y m m e t r i c and t h e a d j a c e n t O...O i n t r a m o l e c u l a r c o n t a c t s a r e much l o n g e r (4.04 and 4.70 A) t h a n i n t h e t e t r a m e r s , s u g g e s t i n g a b e t t e r b i n d i n g a b i l i t y o f t h e l a r g e r c a t i o n s ( r e f . 5 ) . The f l e x i b l e s t r u c t u r e o f t h e h e x a e s t e r l e a d s t o a " p l a t e a u
s e l e c t i v i t y " a f t e r K+, as observed w i t h t h e l a r g e r c r y p t a n d s 322, and 332.
For a l l c a t i o n s s t u d i e d , t h e complexes o f t h e t e t r a m e t h y l k e t o n e 2 a r e s t r o n g e r i n MeOH t h a n those o f t h e t e t r a e t h y l e s t e r 1, i n agreement a g a i n w i t h t h e s t r u c t u r a l d a t a which evidence a b e t t e r p r e o r g a n i z a t i o n o f t h e k e t o n i c s u b s t i t u e n t groups, f a v o u r a b l e t o a s t r o n g e r complex a t i o n power, and a l s o t o t h e more b a s i c c h a r a c t e r o f t h e k e t o n i c oxygen atoms i n MeOH.
No s t r u c t u r e o f t h e compounds 2 and i s a v a i l a b l e y e t . The f a c t t h a t t h e t -b u t y l k e t o n e 2 does n o t d i s c r i m i n a t e c l e a r l y between Na+ and K+ c o u l d be r e l a t e d t o an enlargement o f t h e h y d r o p h y l i c c a v i t y due t o t h e b u l k y t -b u t y l groups on t h e s u b s t i t u e n t s . The r e c e p t o r s t i l l keeps a h i g h d i s c r i m i n a t i o n a b i l i t y between these two c a t i o n s and t h e s m a l l e r L i + or l a r g e r
Rb+ and Cs+ i o n s . 
Stability and extraction
The c a l i x a r y l a c e t a t e s and ketones a r e n e u t r a l i n b a s i c s o l u t i o n and e x t r a c t t h e a l k a l i c a t i o n s i n t o a non p o l a r phase as i o n -p a i r s . It i s w e l l known t h a t t h e e x t r a c t i o n e q u i l ib r i u m c o n s t a n t Ke i s p r o p o r t i o n a l t o t h e s t a b i l i t y c o n s t a n t B(H20) o f t h e 1:l complex & water and t o e x t r a c t a b i l i t y c h a r a c t e r i s t i c s 0 6 t h e system. Whether t h e Ke sequence w i t h i n a s e r i e s o f homologous c a t i o n s i s governed by one or t h e o t h e r o f t h e two f a c t o r s depends upon t h e system under i n v e s t i g a t i o n
. Comparison o f thermodynamic and e x t r a c t i o n d a t a : l o g B a n d P vs. t h e c a t i o n s i o n i c r a d i i . ( E x t r a c t i o n d a t a f o r compounds 3 and 4 from ref. 1 8 ) .
McKervey and coworkers have measured t h e percentage P o f c a t i o n e x t r a c t e d from an aqueous a l k a l i n e p i c r a t e s o l u t i o n i n t o a dichloromethane medium ( r e f . 4 , 5, 18). P r o v i d e d some reasonable assumptions, P may be c o r r e l a t e d t o Ke when t h e t o t a l c o n c e n t r a t i o n s o f c a t i o n (C,) and l i g a n d (C,) a r e e q u a l . I n t h e s e c o n d i t i o n s , Ke i s a monotonous i n c r e a s i n g f u n c t i o n o f P, and i t i s l e g i t i m a t e t o c o r r e l a t e P and B ( H 0) i n o r d e r t o check whether t h e e x t r a c -
t i o n d a t a r e f l e c t t h e sequence o f t h e thermodynamic a f f i n i t i e s o f t h e r e c e p t o r s f o r t h e c a t i o n s . I n t h e p r e s e n t work, B(H20) was u n a c c e s s i b l e , b u t v a r i o u s p r e v i o u s s t u d i e s have
shown t h a t t h e s t a b i l i t y c o n s t a n t s of m a c r o c y c l i c complexes i n MeOH a r e about 2-4 l o g u n i t s h i g h e r t h a n i n H20, w i t h o u t s i q n i f i c a n t changes i n c o m p l e x a t i o n s e l e c t i v i t i e s ( r e f . 19, 20, 1 3 ) . A c o r r e l a t i o n between P and B(Me0H) t h e r e f o r e a l s o appears t o be l e g i t i m a t e . F i g u r e 4 shows l o g B and P vs. t h e a l k a l i c a t i o n s i o n i c r a d i i , i n methanol and i n s c e t o n it r i l e , and evidences a s a t i s f a c t o r y agreement between t h e e x t r a c t i o n and t h e s t a b i l i t y data.
2
I n methanol, t h e e x t r a c t i o n and s t a b i l i t y curves o f compounds 1 and 2 e x h i b i t t h e same p r of i l e s , w i t h n e v e r t h e l e s s one e x c e p t i o n : Rb+ i s l e s s e x t r a c t e d t h a n K+ or Cs+ b u t b e t t e r complexed. 1 and 2 have t h e same behaviour towards Na+, i n c o m p l e x a t i o n and i n e x t r a c t i o n , b u t f o r t h e o t h e r a l k a l i c a t i o n s , t h e t e t r a k e t o n e i s a b e t t e r complexing and e x t r a c t i n g agent t h a n t h e t e t r a e s t e r , i n agreement w i t h t h e more b a s i c c h a r a c t e r o f t h e k e t o n i c carbon y l groups. For t h e t -b u t y l k e t o n e 3, t h e e x t r a c t i o n and s t a b i l i t y p r o f i l e s show a l a r g e peak s e l e c t i v i t y f o r Na+ and KC with, anyhow, a s l i g h t d i f f e r e n c e , a s NaC i s f a v o u r e d i n e x t r a c t i o n and K+ i n s t a b i l i t y .
The comparison between e x t r a c t i o n and s t a b i l i t y d a t a i s more d e l i c a t e i n t h e case o f aceton i t r i l e , as t h i s s o l v e n t i s v e r y d i f f e r e n t from w a t e r . A f i r s t s t r i k i n g f a c t observed i n AN is t h e h i g h s t a b i l i t y c o n s t a n t s o f t h e L i C complexes, which do n o t correspond t o h i g h Table 1 ) : i t may be accounted for, a t l e a s t p a r t l y , by t h e v e r y l a r g e t r a n s f e r a c t i v i t y c o e f f i c i e n t s from MeOH t o AN o f t h e L i + c a t i o n (4.5 l o g u n i t s f o r L i + , and between -1 and 1 f o r t h e o t h e r a l k a l i c a t i o n s ( r e f . 2 1 ) ) ; consequently, t h e h i g h s t a b i l i t y c o n s t a n t s o f t h e L i + complexes i n AN m a i n l y r e f l e c t s o l v e n t e f f e c t s , n o t encountered i n e x t r a c t i o n f r o m an aqueous medium. A second s t r i k i n g f a c t i s t h e d i f f e r e n t b e h a v i o u r , b o t h i n s t a b il i t y and i n e x t r a c t i o n , d i s p l a y e d by t h e h e x a e s t e r 2, i n comparison w i t h t h e t e t r a m e r s 1, 2 and 4. With 5, K", Rb+ and Cs+ are b e t t e r complexed and e x t r a c t e d t h a n Na+ : t h e r a t h e r i n c r e a s i n g " p l a t e a u " , from K+ t o Cs+, found i n e x t r a c t i o n , i s r e p l a c e d i n s t a b i l i t y by a r a t h e r d e c r e a s i n g one. The s m a l l e r L i + and Na+ c a t i o n s a r e b e t t e r e x t r a c t e d and complexed by t h e t e t r a m e r s 1, 2 and 4 t h a n by t h e hexamer 2. The t h r e e t e t r a m e r s have t h e same e x t r a c t i o n and s t a b i l i t y p r o f i l e s , b u t whereas t h e t e t r a m e t h y l k e t o n e 2 e x t r a c t s b e t t e r K+, Rb+ and Cs+ t h a n t h e t e t r a p h e n y l k e t o n e 5, which behaves v e r y much t h e same as t h e t e t r a e t h y l e s t e r 1, t h e s t a b i l i t y c o n s t a n t s o f t h e t e t r a p h e n y l k e t o n e 4 a r e h i g h e r t h a n t h o s e o f 1 and 2 and even h i g h e r , i n t h e case o f Cs+, t h a n t h a t o f t h e h e x a e s t e r 2.
t o t h e d a t a i n MeOH i s h i g h e r f o r L i + t h a n f o r t h e o t h e r c a t i o n s ; a s i m i l a r b e h a v i o u r i s d i s p l a y e d by c r y p t a n d s (see
Stability and transport
Whereas t h e e x t r a c t i o n process o n l y depends upon thermodynamic f a c t o r s , t h e i o n i c t r a n s p o r t
t h r o u g h a l i q u i d non p o l a r membrane i s m o s t l y r e g u l a t e d by t h e k i n e t i c p r o p e r t i e s o f t h e system, such as t h e r a t e s o f complex f o r m a t i o n , o f complex d i f f u s i o n t h r o u g h t h e membrane and o f r e l e a s e o f t h e c a t i o n a t t h e o u t e r l i q u i d -l i q u i d i n t e r f a c e . However, K i r c h and Lehn
( r e f . 22) have shown e m p i r i c a l l y t h a t t h e e f f i c i e n c y o f t h e t r a n s p o r t i s maximum when t h e s t a b i l i t y c o n s t a n t i n methanol has an optimum v a l u e r a n g i n g between 5 and 6 l o g u n i t s .
Moreover, f o r t h i s optimum value, t h e t r a n s p o r t and c o m p l e x a t i o n s e l e c t i v i t i e s a r e i d e nt i c a l ( r e f . 23). Table 1 shows t h a t @(MeOH) f o r t h e Na+ complexes o f 1 and 2 range between 5 and 6109 u n i t s . As f a r as thermodynamics i s concerned t h e p r e c e e d i n g c o n s i d e r a t i o n s b r i n g an e x p l a n a t i o n t o t h e good i o n o p h o r i c p r o p e r t i e s and t r a n s p o r t s e l e c t i v i t i e s r e p o r t e d b y Seward ( r e f . 24), who evidenced a b e t t e r t r a n s p o r t o f Na+ over K+ and Cs+ by these two t e t r a m e r s t h r o u g h a dichloromethane membrane.
CONCLUSION
For t h e f i r s t time, i s has been p o s s i b l e t o determine t h e s t a b i l i t y c o n s t a n t s o f t h e comp l e x e s of a l k a l i c a t i o n s , Ag+ and T1+, w i t h t e t r a m e r i c and hexameric c a l i x a r e n e s f u n c t i o n al i z e d by e s t e r or k e t o n i c groups on t h e p h e n o l i c oxygens. I t i s shown t h a t t h e c o m p l e x a t i o n power o f t h e compounds s t u d i e d i s comparable w i t h t h a t o f DB18C6, b u t weaker t h a n t h o s e o f c r y p t a n d s 221 and 222. The sharp c o m p l e x a t i o n peak s e l e c t i v i t y f o r Na+ d i s p l a y e d by most t e t r a m e r s , as well as t h e p l a t e a u s e l e c t i v i t y d i s p l a y e d by t h e hexameric compound f o r t h e a l k a l i c a t i o n s l a r g e r t h a n K+ a r e i n agreement w i t h t h e s t r u c t u r a l and phase t r a n s f e r p r op e r t i e s o f t h e f r e e r e c e p t o r s , and evidence t h e major role o f t h e adequacy between h y d r o p h i l i c c a v i t y and t h e c a t i o n s i z e s . The e x t e n t o f t h e Na+/K+ s e l e c t i v i t y i s s o l v e n t dependent, as f o r c r y p t a n d s : i n methanol, t h e t e t r a m e r s a r e more s e l e c t i v e f o r Na+ t h a n t h e c r y p t a n d 221, b u t n o t i n a c e t o n i t r i l e . The K+/Na+ s e l e c t i v i t y o f t h e hexameric compound i n a c e t o n i t r i l e i s comparable w i t h t h a t o f 222 i n t h i s s o l v e n t .
The e x c e l l e n t i o n o p h o r i c p r o p e r t i e s o f t h e compounds a r e c o n s i s t e n t w i t h t h e magnitude o f t h e s t a b i l i t y c o n s t a n t s and w i t h t h e c o m p l e x a t i o n s e l e c t i v i t i e s .
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